The silkworms of NB 4 D 2 variety were treated with chemical mutagen Diethyl sulphate (DES). The larvae were subjected to two methods of treatments i.e., oral administration of the chemical mutagen and by injection of 8mM and 10mM concentrations of chemical mutagen through body wall. The lethal effect of the mutagen was studied in the subsequent generation. The effect was drastic on structure & morphology of the meiotic chromosomes. Many structural, physiological and numerical aberrations were observed and documented. Certain numerical changes such as induction of polyploids were attributed to the improvements observed in the expression of commercial characters in the silkworm. @ JASEM
Silkworm is an ideal tool for conducting extensive basic scientific investigations because of its ease in handling, short life cycle and high fecundity (Tanaka, 1953) . Extensive research work has been carried out by many scientists in the field of genetics, breeding, physiology, endocrinology, nutrition, and biochemistry of Bombyx mori L. (Tazima, 1978) . Further, studies on radiation and chemical mutagenesis have been carried out to evolve superior silkworm breeds by utilizing the expression of their hereditary traits. However, several attempts have been made to induce beneficial mutations in the silkworm and some have proved to be useful to the sericultural industry (Narayanaswamy, et al, 1990) . The developmental stages of the silkworm are under the constant interaction of genes. Each and every quantitative character of the silkworm is influenced/modified by the interaction of both genes and environment because of polygenic inheritance.Chemical mutagenesis has gained importance during the later period in genetic studies and mutation breeding. The chemical mutagens have advantages of higher efficiency and relatively greater specificity of mutation. Easy handling and availability of chemicals are additional benefits for mutation research (Chaturvedi, 1981) . The majority of chemical mutagens induce aberrations and they are of the chromatid type, but chromosome-type aberrations also occur. An increase in polyploidy may indicate that a chemical has the potential to induce numerical aberrations. However, this method is not designed to measure numerical aberrations and is not regularly used for that purpose (Tazima, 1978) .In silkworm Bombyx mori it is interesting to note that chromosomes are smallest cytologically, as inferred from the examination of trisomics, translocations and other aberrations, but inspite of this, its chromosome map is longest (Kawaguchi, 1928 and 1936) . The incidence of visible chromosomal aberrations such as fragmentation, translocation, stickiness, ring formation, clumping etc. during spermatogenesis and oogenesis of the silkworm due to the mutagenic effect of chemicals were reported (Tazima et al., 1968; Sinha et al., 1993) . Diethyl sulfate (DES) is reported to be a monofunctional and, strong alkylating agent. The studies on its mutagenicity were tested in many organisms including mice and Drosophila (Plecanos and . The cytological damage caused by this chemical is conspicuous in Drosophila when treated to males resulting in embryonic death. The chromosome breaks may be the causative factor for the dominant lethality and due to possibility of occurrence of point mutations owing to high toxicity of DES in adult flies. The potential breaks can undergo DNA replication and cell divisions as such and become open in different cell cycles resulting in impaired embryonic and post-embryonic developments. The visible chromosome aberrations like translocation, deletion etc. is reported to be caused by the action of DES in Drosophila (Munoz and Mazar Barnett, 1977) . The cytological study of mutagenic effect of chemical mutagens may be a useful tool in exploring the genetic variations, which might be induced by these mutagens for quantitative characters in silkworms. Since, many useful literatures are available pertaining to the action of chemical mutagens in different organisms, very little information is available regarding the effect of these mutagens in silkworms. Also information regarding the effect of DES on the cytological aspects of silkworms is scanty. So, an attempt was made in the present investigation to study the action of DES on the chromosomal environment of the silkworm Bombyx mori.
MATERIALS & METHODS
The healthy larvae soon after the third moult considered for the experiment. Different concentrations (doses) of DES (Diethyl sulphate) viz., 2mM, 4mM, 6mM, 8mM, 10mM and 12mM 46 were prepared in distilled water and orally administered through mulberry leaves. For every 20g of leaves 20ml of appropriately diluted DES were used. Similarly, the injections for 5 th day of V th instar larvae of bivoltine (variety:NB 4 D 2 ) using different doses as mentioned earlier. The dilutions were prepared in 0.75% sodium chloride solution and injected at the lateral side of the intersegmental region between the 7 th and 8 th abdominal segments using a micro syringe. Each larva was injected with 0.04ml of solution. These treated larvae were maintained and observed upto spinning to find out the LD 50 value in the larval life following the method of Bhoopathy and Muthukrishnan (1985) . Further, after assessing the LD 50 value, two different doses of DES namely 8mM and 10mM were selected. In the M 1 generation, the larvae of treated and untreated batches from III instar upto late V instar were selected. The method used for cytological preparation was a modification of the conventional air drying technique of Premila Chanu et al., (1988) and Lakshmikumari et. al. (1996) . The slides (prepared from treated and untreated material) were screened for different stages of meiotic chromosomes. The chromosomal morphology was studied to find out the chromosomal aberrations, if any. All lightmicrophotography was done with LEITZ (model: WILD) photomicroscope equipped with 35mm camera. Photography was done on 35mm Nova 125 ASA film (Black and White). The magnification used was 100x. The negatives were processed in a small daylight developing tank, following the conventional photographic techniques. The positive prints were made on sterling-kodabromide printing paper (hard glossy) and analysed for cytological abnormalities.A few treated & untreated (control) larvae were allowed to spin the cocoons and were utilized for the study of commercial characters following the method described by Sonwalker (1991) .
RESULTS
The various chromosomal aberrations induced by the chemical mutagen DES, an alkylating agent in the silkworm B.mori was well pronounced in the present observations. The aberrations noticed were of gross as well as individualistic type. The gross type aberrations included were of stickiness, clumping, pulverization, laggards etc. The individualistic type represents the so called point mutation including fragmentation, translocation and ring type chromosomes. The chemical mutagen DES on topical application treated at lower concentrations (<8mM) induced less chromosomal abnormalities or aberrations. But, higher concentrations of 10mM DES induced both physiological and structural chromosomal effects in meiotic spermatogonial cells ( Figures: 1-11) . However, the effect was meagre in oogonial cells. The commercial characters studied, shared a marked improvement in the shell ratio and filament length among the treated groups when compared with the control (Table 1 ). 
Figure. 1-11: Different Types of Chromosomal Aberrations

DISCUSSION
The physiological aberrations caused by the DES in the present study, such as chromosome stickiness and clumping at different meiotic stages were attributed to the depolymerisation and cross linking of DNA of the chromosome. This is in agreement with the earlier works of Darlington (1942) , Evans (1962) in Drosophila, Rai (1964) in Aedes aegypti mosquitoes and Lakshmikumari (1995) in B.mori. According to Sturelid (1971) most of the physiological chromosomal aberrations appear due to the damage caused during replication of DNA by alkylation. The chromosomal bridges with fragments, single bridge, dicentric bridges observed were probably due to the chromosomal stickiness at earlier stages. The production of dicentric bridges was mainly due to the spontaneous breakage of meiotic chromosome (Lewis and John, 1966) . From the present study, it is realized that the DES, an alkylating chemical mutagen, is capable of inducing chromosomal aberrations effectively on the germ cells of the silkworm B.mori, as it was evident from earlier reports that, this chemical extensively produce chromosomal aberrations in Drosophila Munoz and Barnette, 1978) . The limited chromosomal aberrations induced by DES in the present investigation could be attributed to the fact that ionizing radiations induce mutations in germ cells belonging to all the stages of the gametogenic cycle, thought with markedly different rates. On the contrary, chemical mutagens induce mutations only in certain spermatogenic stages. The stage specific induction of mutation by chemical agents is very likely due to their different pathways and their varied effects on the structure and various macromolecular processes during the development of the germ cells (Sinha et al., 1993) . Thus the present investigation highlights the effect of chemical mutagen (DES) in the induction of chromosomal aberrations leading to polyploidy which will have a direct effect on the expression of commercial characters in silkworm.
